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Supplementary Figures
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Supplementary Figure 1. Spatial heterogeneity of extreme temperatures. Distribution of
maximum temperatures (in °C) during summer months (JJA) at different latitude ranges in the four
years studied. The dotted lines represent the median maximum temperature of each distribution,
reflecting the usual North-South gradient in temperatures, but capturing at the same time a certain
degree of interannual spatial variability.
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Supplementary Figure 2. Spatial heterogeneity of extreme temperatures. Regional vulnerability
to heatwaves. Classification of regions according to their average cumulative heat exposure (average
WBGTs,, during heatwaves in 2003, 2010, 2015, and 2018) and their economic exposure (=Share of
outdoor activities out of total economic activities). Four groups of regions are identified: ‘insulated’,
‘threatened’, ‘acclimatised’ and ‘fully exposed’. ‘Fully exposed’ and ‘threatened’ regions are subject to
increasing heat stress risk due to climate change. ‘Insulated’ regions are not expected to suffer
frequent heat stress damages in the future, as they show low environmental and economic exposure.
Meanwhile, the economies of ‘acclimatised’ regions, despite being highly exposed to heat, are mainly
based on indoor activities. We do not foresee regions lying in the lower quadrant transitioning to the
upper part. In our view, left-right transitions are much more likely in the medium term due to
increasingly warming temperatures. Fully exposed regions (high heat and economic exposure) are
highlighted in orange. Refer to Supplementary Table 2 for regions abbreviations.
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Supplementary Figure 3. Heat-to-Workability transfer functions. Comparison of the three
approaches considered, illustrating the biophysical link between heat and labour productivity losses
under different working load intensities (in Watts). The distribution of the daily average values of
WBGT (sun: outdoor; shade: indoor) during identified heatwaves is also depicted. Shaded areas
represent the different quartiles (0,25,50,75,100) of the respective WBGT distributions, while the
vertical solid lines represent the medians. Red-shaded areas represent the right tail shift in the
distributions of WBGT projected by the selected climate models (MPICSC-REMO2 and KNMI-
RACMO). This picture illustrates how, under current heat conditions, indoor economic activities are
hardly affected by heat-induced productivity losses for any of the heat transfer functions considered.
In contrast, over the next decades indoor workers will begin to be affected by productivity losses in
response to excessive heat, especially in southern regions.
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Supplementary Figure 4. GDP losses by heat transfer functions. Aggregated GDP impacts of
heatwaves according to the three heat-to-workability functions considered. Differences within the
three approaches were proportional and responded to the construction of the respective workability
functions, being the Hothaps approach the most conservative out of the three considered.
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Supplementary Figure 5. Regional-level projected impacts. Analogously to Fig. 4, the projected
evolution of heatwave-induced economic damages is shown at the regional level in four different
southern European countries. The projected trend in damages is positive in all regions, with more
exposed (environmentally and economically) regions being projected to experience more acute
damages.



Supplementary Tables

Supplementary Table 1. Heatwave frequency per region and year. Most affected regions by total
number of heatwaves events identified and total cumulative duration (in days). Refer to
Supplementary Table 2 for regions abbreviations.

2003 Region Events Duration 2010 Region Events Duration
DE27 7 76 EL42 2 53
EL62 3 75 LV0O0 4 50
DE14 8 75 Fl1C 4 50
ITI1 4 74 EEOO0 4 50
ITC3 3 73 FI1B 3 47
DE13 8 73 EL41 4 47
MTO0O0 3 71 FI19 4 45
ITHL 6 70 EL51 4 45
FRF1 7 70 EL65 4 44
ITH3 4 69 EL52 4 44
ITC1 5 69 ES61 4 43
FRMO 4 69 BG33 4 42
ES53 5 69 FI20 2 40
ITI4 5 68 ES43 5 40
FRLO 4 68 ES30 5 40
ITI2 5 67 EL30 6 40
ITH4 3 67 IS 6 39
ITG2 5 67 EL61 5 39
S104 7 66 BG42 4 39
ITC4 6 66 RO32 3 38
DE12 7 66 RO31 3 38
ITH2 7 65 RO22 3 38
DE71 6 65 LTO02 4 38
DE21 8 65 FI1D 4 38
ITI3 7 64 ES42 4 38

2015 Region Events Duration 2018 Region Events Duration
EL62 2 68 SE22 5 71
RO21 7 57 NL13 9 70
MTOO 3 55 SE23 4 69
ITF5 3 55 DKO03 8 69
HRO3 6 55 SE21 6 68
EL42 3 54 NL21 7 66
SKO03 6 53 DKO04 7 66
RO12 6 53 DEA2 9 66
RO11 6 52 SE12 5 65
ITI1 5 52 PL81 8 65
EL52 4 52 FRE2 8 65
ITH1 4 50 DKO1 6 65
ITC3 5 50 DEA5 8 65
HU32 6 50 DEAS3 7 65
HU31 6 50 DE60 12 65
EL51 3 50 BE34 9 63
RO42 6 49 FRE1 7 62
RO32 5 48 DEA4 9 62
ITH4 5 48 DE92 9 62
ITF6 3 48 SE31 6 61
ITF2 5 48 DKO02 5 61
ES61 3 48 DE93 10 61
EL61 5 48 BE32 7 61
EL41 4 48 LUOO 7 60
RO22 5 47 DEFO 8 60



Supplementary Table 2. Regions analysed and correspondence with the regional resolution of
the economic model. 274 regions were analysed*. Heatwave characterisation (events, duration,
severity) and labour productivity losses were calculated at the regional level. Productivity losses were
spatially aggregated (weighted by population) according to the shown spatial resolution of the regions
considered in the economic model. *Canary Islands (NUTS2: ES70) were excluded, as they are
outside the climate models’ domain. The autonomous cities of Ceuta (ES63) and Melilla (ES64) were
grouped within the region of Andalusia (ES61).

NUTS
LEVEL IN
NO. COUNTRY CGE CGE
REGION CODE NUTS CODE NUTS NAME MODEL CODE
1 AT AT11 Burgenland 1 AT1
2 AT AT12 Niederdsterreich 1 AT1
3 AT AT13 Wien 1 AT1
4 AT AT21 Karnnten 1 AT2
5 AT AT22 Steiermark 1 AT2
6 AT AT31 Oberdsterreich 1 AT3
7 AT AT32 Salzburg 1 AT3
8 AT AT33 Tirol 1 AT3
9 AT AT34 Vorarlberg 1 AT3
10 BE BE23 Prov. Oost-Vlaanderen 1 BE2
11 BE BE24 Prov. Vlaams-Brabant 1 BE2
12 BE BE25 Prov. West-Vlaanderen 1 BE2
13 BE BE31 Prov. Brabant Wallon 1 BE3
14 BE BE32 Prov. Hainaut 1 BE3
15 BE BE33 Prov. Lieége 1 BE3
16 BE BE34 Prov. Luxembourg (BE) 1 BE3
17 BE BE35 Prov. Namur 1 BE3
18 BE BE10 Région de Bruxelles-Capitale/Brussels Hoofdstedelijk Gewest 1 BE1
19 BE BE21 Prov. Antwerpen 1 BE2
20 BE BE22 Prov. Limburg (BE) 1 BE2
21 BG BG31 CeBepo3sanageH 0 BG
22 BG BG32 CeBepeH LeHTpaneH 0 BG
23 BG BG33 CeBepounsToyeH 0 BG
24 BG BG34 lOronstoueH 0 BG
25 BG BG41 tOrosanageH 0 BG
26 BG BG42 tOxeH ueHTpaneH 0 BG
27 CH CH Confédération suisse 0 CH
28 CcY CY00 KYMPOX 0 cYy
29 cz Cczo7 Stfedni Morava 2 Cczo7
30 Ccz Cz08 Moravskoslezsko 2 Cz08
31 Ccz Cz01 Praha 2 Czo01
32 Ccz Cz02 Sttedni Cechy 2 Cz02
33 cz Cz03 Jihozépad 2 Cz03
34 cz Cz04 Severozapad 2 Cz04
35 cz Cz05 Severovychod 2 Cz05
36 Ccz Cz06 Jihovychod 2 CZ06
37 DE DES50 Bremen 1 DE5S
38 DE DEG60 Hamburg 1 DEG6
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Supplementary Table 3. Classification of economic sectors. Five macro-sectors were
distinguished attending to their heat exposure levels and working load intensity in Watts (W).

“Sector | Abbreviation £ C8 | enaty (W)
Agriculture AGR Outdoor High
Industry IND Indoor Medium
Construction CONST Outdoor High
Transportation TRANS Outdoor Medium

Services SERV Indoor Low




Supplementary Discussion

The physical impacts of climate change considered in our study (based on the RCP8.5 scenario) are
only compatible with the socioeconomic scenario SSP5 (as illustrated by Fig. SD1). This limits the
possibilities of considering different RCP-SSP scenarios to a single combination: RCP8.5-SSP5. We
replicated in our model the GDP and population patterns implied by SSP5, as obtained from the I1ASA
SSP database (https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=10), considering that the
stock of labour follows the same growth pattern shown by the population and that subnational regions
follow the projections of the country they belong to. We imposed exogenously the population and
labour dynamics in the CGE and calibrated the GDP using the Total Factor Productivity (TFP) to meet
the SSP5 targets. Meanwhile, capital accumulation takes place endogenously in the CGE via the
recursive addition of investment coming from the previous period.

. Socioeconomic dimension
Mitigation Challenges -

SSP1 SSP4 SSP2  SSP3 SSP5

sustainability inequality ~ middle oftheroad regional rivalry ~fossil-fueled dev.

W/m?
5 as]| > << =
g 6.0 - 3/3 - 4/4 4/4
2 |
% Vz.ﬁ? - 3/3 - 3/4
E 19 - 13 4/6 2/4
o

Figure SD1. (from Rogelj et al. 2018, Supplementary Information) Overview of available scenario runs in the SSP-RCP matrix
framework. Values in each box represent the number of available scenario runs over the number of participating modelling
frameworks. Given that used climate data forced by RCP8.5, the only SSP scenario compatible with this data is SSP5.

The results of this additional experiment offer interesting insights. We observe that, in general,
economic losses tend to be lower in Europe (Fig. SD2) compared to the previous set of results (Fig.
4a) based on a comparative static framework.
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Figure SD2. Evolution of economic damages in Europe considering a dynamic framework RCP8.5-SSP5 characterised by a
push for economic and social development coupled with the exploitation of abundant fossil fuel resources and absence of
climate policies. Boxes cover the interquartile range (IQR, 25th-75th percentiles) of the damage distribution and whiskers show
the values contained within £1.5:IQR.



The main driver for this difference is the fact that capital becomes more important in the structure of
the future economy. Since the productivity impacts of heatwaves only affect labour, this has a direct
consequence on the final allocation of factors. In this setup, the exogenous growth in population
(labour) is not sufficient to guarantee a high macroeconomic growth path, as imposed by the SSP5.
Hence, capital grows more relative to labour and accumulates in the economy. Thus, the decrease in
total damages in response to labour shocks. This higher adaptive capacity shown under the
combination RCP8.5-SSP5 can also be observed, for example, in Orlov et al. (2020).

Changes in the demographic composition across regions play a limited role, as population is expected
to grow strongly in Northern Europe, grow moderately in Mediterranean Europe and remain stable or
even declining in Eastern Europe. Since the hardest impacts of heatwaves are concentrated in
Southern Europe, this variable does not influence dramatically the final impact. In contrast, one key
driver appears to be the sectoral structure of the economy, especially the weight of outdoor and
indoor economic activities projected for the future. While in the comparative-statics experiment, the
sectoral composition remains fixed, in the dynamic setup the economy develops according to the
GDP and population targets, which are exogenous in the SSP5 but the sectoral composition responds
to different market mechanisms, which are all endogenous and confounded in the CGE. These
market mechanisms refer to trade specialisation (based on regional comparative advantages),
primary factor reallocation across sectors, investment dynamics and to how all these forces interact
with the GDP and population targets. This makes the economic structure of some sub-national
regions to be changed substantially over time leading to, for example, a retreat of impacts in some
southern European economies in the last decade of our analysis (Fig. SD3).
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Figure SD3. Evolution of heatwave-derived economic damages at the country level under the RCP8.5-SSP5 dynamic scenario.

One way to restrict severe sector reallocations would be to calibrate the sectoral economic
composition of the NUTS-2 regions, but this could be computationally infeasible and would also imply
a certain degree of arbitrariness, as SSPs do not provide information about the sectoral evolution.

These results point us to existing endogenous mechanisms through which the European economy
would partly absorb the projected increasing heat load of work. However, results should be
interpreted cautiously, as they are based on a specific future scenario (SSP5) featuring strong
economic growth and technological progress as well as rapid and costless adaptation. Some other
aspects should also be controlled with more detail as, for example, the evolution of the sectoral
economic composition. In addition, because assumptions of demographic and economic
developments over long-time spans are highly uncertain (Dellink et al., 2017; Christensen et al.,
2018), it would be desirable to perform a comprehensive assessment covering the whole spectrum of
RCP-SSP scenarios to account for these uncertainties.
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